Abstract An attentional bias to threat has been implicated in the etiology and maintenance of anxiety disorders. Recently, attention bias modification (ABM) has been shown to reduce threat biases and decrease anxiety. However, it is unclear whether ABM modifies neural activity linked to anxiety and risk. The current study examined the relationship between ABM and the error-related negativity (ERN), a putative biomarker of risk for anxiety disorders, and the relationship between the ERN and ABM-based changes in attention to threat. Fifty-nine participants completed a single-session of ABM and a flanker task to elicit the ERN-in counterbalanced order (i.e., ABM-before vs. ABM-after the ERN was measured). Results indicated that the ERN was smaller (i.e., less negative) among individuals who completed ABM-before relative to those who completed ABM-after. Furthermore, greater attentional disengagement from negative stimuli during ABM was associated with a smaller ERN among ABM-before and ABM-after participants. The present study suggests a direct relationship between the malleability of negative attention bias and the ERN. Explanations are provided for how ABM may contribute to reductions in the ERN. Overall, the present study indicates that a single-session of ABM may be related to a decrease in neural activity linked to anxiety and risk.
function of ABM. These studies have indicated that ABM influences attention via an effect on the prefrontal cortex (PFC; Browning, Holmes, Murphy, Goodwin, & Harmer, 2010; Clarke, Browning, Hammond, Notebaert, & Macleod, 2014; Taylor et al., 2013) , a region that plays a critical role in the regulation of attention and emotion. Therefore, it is possible that ABM may subsequently modify neural reactivity to threat that has been linked to anxiety and risk.
Two meta-analyses have supported the notion that anxious individuals are characterized by an increased neural response to errors (Cavanagh & Shackman, 2014; Moser, Moran, Schroder, Donnellan, & Yeung, 2013) . Specifically, the error-related negativity (ERN) is a negative deflection in the event-related potential (ERP) that peaks at frontocentral sites approximately 50 ms following the commission of an error (Hajcak, 2012) . The ERN is generated in the anterior cingulate cortex (ACC; Dehaene, Posner, & Tucker, 1994; Ito, Stuphorn, Brown, & Schall, 2003; Stemmer, Segalowitz, Witzke, & Schönle, 2004) , a region associated with processing signals of punishment (Shackman et al., 2011) . Evidence suggests that the ERN indexes early detection of errors, which represent internal threat signals, and that variability in the ERN may index individual differences in sensitivity to potential threat .
In terms of its relationship with anxiety disorders, the ERN is enhanced among individuals with GAD (Weinberg, Olvet, & Hajcak, 2010; Weinberg, Klein, & Hajcak, 2012; Xiao et al., 2011) and OCD (Endrass, Klawohn, Schuster, & Kathmann, 2008; Gehring, Himle, & Nisenson, 2000; Hajcak, Franklin, Foa, & Simons, 2008; Johannes et al., 2001) . Moreover, the ERN is enhanced among individuals with a family history of OCD (Carrasco et al., 2013; Riesel, Endrass, Kaufmann, & Kathmann, 2011) and childhood behavioral inhibition (McDermott et al., 2009) , which are both risk factors for anxiety disorders. An increased ERN was recently shown to prospectively predict the onset of new anxiety disorders in late childhood (Meyer, Proudfit, Torpey, Kujawa, & Klein, in press ). These findings support the hypothesis that the ERN may be a biomarker of risk for particular anxiety disorders (Manoach & Agam, 2013; Olvet & Hajcak, 2008) .
To date, no study has examined the potential impact of ABM on the ERN. As previously mentioned, ABM targets the early, automatic stages of negative information processing (Amir et al., 2008; MacLeod et al., 2002) , and this appears to be achieved via increased activation of the PFC (Browning et al., 2010; Clarke et al., 2014; Taylor et al., 2013) . The ERN is posited to reflect an early warning signal of potential threat-that an error has been made (Hajcak, 2012) . Insofar as ABM trains individuals to disengage attention from potential threat, ABM may impact the neural processing of errors (i.e., the ERN). Rather than examining whether ABM reduces symptoms that characterize heterogeneous disorders, this approach examines the relationship between ABM and neural activity that has been previously linked to anxiety disorders and risk. This approach would determine the degree to which specific treatments like ABM might alter particular biomarkers of risk, such as the ERN-and whether biomarkers like the ERN may be associated with the response to treatments such as ABM. Focusing on neural biomarkers rather than symptoms of heterogeneous disorders is also consistent with the Research Domain Criteria (RDoC) approach (Insel et al., 2010; Sanislow et al., 2010) , which aims to understand core biobehavioral dimensions that are common across several disorders. Indeed, both attention bias to threat and the ERN are included in the sustained threat domain of the RDoC matrix (NIMH, 2011) . Therefore, it is plausible that altering sustained threat at the behavioral level (i.e., modifying attention bias to threat) will be associated with variation in neural measures of sustained threat (i.e., the ERN).
The present study examined whether ABM can impact the ERN, and whether there is a relationship between the ERN and ABM-based changes in attention to threat. To this end, participants completed a single-session ABM program designed to train attention away from negative stimuli and toward positive stimuli; participants also completed a flanker task to elicit the ERN-in counterbalanced order. This design allowed us to examine two important questions. First, we could examine whether the ERN differed between participants who received ABM before versus after the ERN was measured. Thus, we could determine if the ERN was smaller among individuals who first underwent ABM relative to those who did not complete ABM before the ERN was measured. Second, we could examine the association between individual differences in attention bias measures during ABM and the ERN. Attention bias measures from dot probe tasks have been shown to demonstrate poor psychometric properties (Cisler, Bacon, & Williams, 2009; Price et al., in press; Schmukle, 2005; Waechter & Stolz, in press; Waechter, Nelson, Wright, Hyatt, & Oakman, 2014) . Therefore, the present study calculated two different attention bias measures: average attention bias and change in attention bias (i.e., trainability). Thus, among participants who completed ABM before the ERN was measured, we could assess whether ABM-related threat bias (i.e., the degree to which individuals learn to disengage their attention from threat) was associated with a smaller ERN. Additionally, we could examine whether the ERN was associated with ABM-related threat bias in participants who completed ABM after the ERN was measured.
We had two primary hypotheses. First, a single-session of ABM has been shown to improve behavioral performance on a public speaking task (Amir et al., 2008) , and multisession ABM has decreased anxiety symptomatology in GAD (Amir & Taylor, 2012; ) and OCD (Najmi & Amir, 2010) , conditions associated with an enhanced ERN (Endrass et al., 2008; Gehring et al., 2000; Weinberg et al., 2010; Weinberg, Klein, et al., 2012) . Therefore, we hypothesized that a single-session of ABM, relative to no intervention, would be associated with a smaller ERN. Second, we hypothesized that individual differences in ABM-related change in negative (but not positive) attention bias would be associated with a smaller ERN in ABM-before and ABM-after participants. This result would suggest that change in attention bias may both contribute to the group difference in the ERN (in the ABM-before participants) and that the ERN may be a predictor of change in attention bias (in the ABM-after participants).
Method Participants
The sample included 59 undergraduates from Stony Brook University who participated for course credit. Informed consent was obtained prior to participation and the research protocol was approved by the local Institutional Review Board. Participants were randomly assigned to either complete ABMbefore (n = 32) or ABM-after (n = 27) the ERN was measured. Current depression and anxiety were assessed using the Depression Anxiety Stress Scale-21 (DASS-21; Lovibond & Lovibond, 1995) . The DASS-21 is a measure of psychological distress over the last week. Items are rated on a 4-point Likert scale ranging from 0 (did not apply to me at all) to 3 (applied to me very much, or most of the time), with higher scores indicating greater symptom severity. The DASS-21 was designed in accordance with the tripartite model of depression and anxiety (Clark & Watson, 1991) , and contains three 7-item subscales measuring low positive affect (DASSDepression), physiological hyperarousal (DASS-Anxiety), and nonspecific negative affect (DASS-Stress). Four participants were excluded from analyses for excessive EEG artifacts (n = 2), outlier ERN values (>2.5 standard deviations from the mean; n = 1), and outlier DASS-Depression, Anxiety, and Stress values (all > 2.5 standard deviations from the mean; n = 1), leaving a final sample of 55 participants (29 ABM-before and 26 ABM-after).
Procedure
Attention bias modification The present study employed an adaptive variant of ABM that contained several modifications that differed from previous versions (Amir et al., 2008; MacLeod et al., 2002) . First, the ABM program was a modified version of a Posner spatial cueing task (Posner, 1980) . Specifically, participants were only shown one word above or below a fixation point that either cued them to disengage (negative words) or sustain (positive words) attention, and this was followed by a probe (the letter E or F) shown above or below the fixation point that they responded to with the computer mouse. Second, idiographic emotional stimuli (5 neutral, 5 positive, and 5 negative words) were used in the ABM program. To this end, prior to receiving the ABM instructions, participants were asked to generate five words that were neutral, positive, or negative in valence (15 words total). Third, in contrast to a typical ABM program where participants complete the same type of trial throughout the entire task, this variant contained multiple training components, and, within each participant, adjusted the criteria to improve their attentional bias over the course of training (see below for more details). Finally, the program trained multiple components of attention, including the ability to disengage attention from negative stimuli (negative bias), direct and sustain attention toward positive stimuli (positive bias), and attentional control in general (neutral bias). For each trial, one of these components was targeted and the overall ability to modify these different components was captured in the separate bias scores.
Each ABM trial began with a fixation cross presented in the center of the screen for 500 ms. Immediately following termination of the fixation cross, a neutral, positive, or negative word appeared either above or below the fixation cue for 500 ms. After presentation of the word, a probe (the letter E or F) appeared above or below the fixation cue. Participants were instructed to click the left mouse button for E and the right mouse button for F, and the letter stayed on the screen until a response had been registered. To aid participants in improving their attentional bias, both speed and accuracy of responses were emphasized. Attention was trained away from negative stimuli and toward positive stimuli by always presenting the probe in the opposite location of negative words and the same location as positive words. For neutral words, the probe appeared in the opposite and same location with equal frequency. Participants completed 722 trials that comprised various combinations of probe type (E or F), probe position (top or bottom), and word valence (neutral, positive, or negative).
In the adaptive ABM variant, participants advanced through levels based on their performance and the training consisted of two phases. In the first phase (i.e., levels 1-30), participants progressed based on their response accuracy, such that participants advanced to the next level after every seven accurate trials. For levels 1-10, participants were presented with a green or red fixation cross, followed by a neutral, positive, or negative word appearing above or below the fixation cross, and then the letter E or F appearing above or below the fixation cross. Participants were instructed that when the fixation cross was green, the letter would appear in the same location as the word, and when the fixation cross was red, the letter would appear in the opposite location as the word. The green fixation cross was always followed by a positive or neutral word, and the red fixation cross was always followed by a negative or neutral word. For levels 11-20, participants were told that the valence of the word could be used to predict where the cue would appear. Specifically, for positive words the letter would appear in the same location, for negative words the letter would appear in the opposite location, and for neutral words the letter would appear in either location. Furthermore, as participants progressed through levels 11-20, the color of the fixation cross began to fade to white, and toward the final trials the participant was completely reliant on the valence of the word to predict the location of the cue. For levels 21-30, the cue (E or F) was flanked by either congruent (i.e., EEEEE or FFFFF) or incongruent (i.e., EEFEE or FFEFF) letters, and participants were told to only respond to the middle letter. This required participants to increase their focus on the cue.
In the second phase (i.e., levels 31 and higher), participants continued to complete the same type of ABM trial as the end of the first phase (i.e., white fixation cross, using word valence to predict location of the cue, responding to the middle letter and not flanked letters). However, participants now advanced to the next level by improving their positive or negative bias by 1 ms relative to the cumulative bias of all preceding trials. The inclusion of levels was intended to motivate participants to continue improving their attention bias, and participants were able to view their level progression throughout the training. If participants completed 100 consecutive trials without advancing to the next level, the ABM training was automatically paused and the computer instructed participants to take a short break. At this time the participants' attention bias scores were re-calibrated, such that they were reset to the highest level reached for positive words and the lowest level reached for negative words. This allowed the training to continue if participants had reached an attention bias which they could no longer surpass. Participants were able to self-resume the training when they were ready. Similar to previous ABM investigations (Amir et al., 2008) , inaccurate response trials (e.g., probe was E and participant clicked right for F) and response latencies less than 200 ms or greater than 2,000 ms were excluded from analyses. After 70 accurate trials the program calculated an idiographic mean and standard deviation for each participant and eliminated response latencies that were two standard deviations away from their mean response latency. These ranges were determined based on previous research.
We calculated two different attention bias scores for each participant. First, an average attention bias score was calculated using response latencies for valid (i.e., word appeared in same location as the probe) and invalid trials (i.e., word appeared in opposite location of the probe). For negative attention bias (RT negative invalid-RT neutral invalid), lower numbers indicated greater disengagement from negative, relative to neutral, trials. For positive attention bias (RT positive valid-RT neutral valid), higher numbers indicated greater engagement for positive, relative to neutral, trials. Second, a beta score was calculated that represented the average change in attention bias as a function of ABM level (i.e., trainability).
The beta was calculated by regressing the attention bias score on ABM level, with the beta value representing the slope (i.e., rate of change). For the negative attention bias beta score a more negative value indicated greater disengagement from negative stimuli. Conversely, for the positive attention bias beta score a more positive value indicated greater engagement for positive stimuli. Figure 1 depicts examples of participants' change in negative and positive attention bias as a function of ABM level. Participant A demonstrates an improved negative (i.e., values are becoming more negative) and positive (i.e., values are becoming more positive) attention bias as they progress through the ABM training. In contrast, participant B exhibits a more inconsistent pattern of change for negative and positive attention bias and thus has Bpoorer^beta scores. Figure 1 also shows the number of trials needed for the participant to reach each successive level. Participant A required relatively few trials to advance levels, while participant B required more trials to advance levels toward the end of the training. In addition, participant B also required over 100 trials to advance from level 39 to 40, and the attention bias scores were thus recalibrated to help the participant continue to improve their performance.
Flanker task To elicit the ERN, participants completed a flanker task (Hajcak & Foti, 2008) using Presentation software (Neurobehavioral Systems Inc., Albany, CA). On each trial of the flanker task, five horizontally aligned white arrowheads were presented for 200 ms. Participants were instructed to indicate the direction of the central arrowhead using the left or right mouse button. Half of the trials were compatible (e.g., <<<<< or >>>>>) and half were incompatible (e.g., <<><< or >><>>); trial type was randomly determined. A variable intertrial interval of 600 to 1,000 ms followed the response. The arrows filled 2°of visual angle vertically and 10°horizontally, and were presented at a viewing distance of approximately 65 cm. Participants initially completed a practice block containing 20 trials, and the actual task consisted of 11 blocks of 30 trials (330 total trials).
EEG recording and processing Continuous EEG was recorded during the flanker task using an elastic cap with 34 sintered Ag/AgCl electrode sites placed according to the international 10/20 system and two electrodes placed on the left and right mastoid. The electrooculogram was recorded from electrodes placed above and below the right eye and two placed on the outer canthus of both eyes. Data were recorded using Active Two BioSemi system (BioSemi, Amsterdam, Netherlands). The EEG was digitized with a sampling rate of 512 Hz using a lowpass fifth order sinc filter with a half-power cutoff of 102 Hz. A common mode sense active electrode producing a monopolar (nondifferential) channel was used as recording reference.
EEG data were analyzed using Brain Vision Analyzer (Brain Products, Gilching, Germany). Data were referenced offline to averaged mastoids, band-pass filtered (0.1-30 Hz), and corrected for blinks and horizontal eye movements (Gratton, Coles, & Donchin, 1983) . Response-locked epochs with a duration of 1,500 ms, including a 500 ms preresponse interval, were extracted. Epochs containing a voltage greater than 50 μV between sample points, a voltage difference of 300 μV within a segment, or a maximum voltage difference of less than 0.50 μV within 100 ms intervals were rejected. Additional artifacts were identified and removed based on visual inspection. The 500-300 ms preresponse interval was used as the baseline (Weinberg et al., 2010) . Trials with response times below 200 ms and above 700 ms were excluded from averaging. Both the ERN and the negative deflection on correct trials (i.e., the correct response negativity, or CRN) were quantified as the mean amplitude between 0 and 100 ms after responses at electrode FCz, where the ERN was maximal. To isolate neural activity specific to errors, we also analyzed the difference between the ERN and CRN (i.e., ΔERN; Simons, 2010). Table 1 presents descriptive and inferential statistics for demographics and behavioral performance on the flanker task. The ABM groups did not differ in demographics, current depression, anxiety, or stress symptomatology, or the number of errors made or RT on correct or error trials, indicating comparable performance on the flanker task.
Results
The ERN was a negative deflection in the ERP response that peaked at frontocentral electrodes approximately 50 ms after the commission of an error. A repeated-measures analysis of variance (ANOVA) confirmed that the ERP response was more negative following errors (M = 0.46, SD = 4.76) Participant A Participant B relative to correct responses (M = 7.56, SD = 4.15), F(1, 54) = 125.43, p < .001, ηp 2 = .70. As shown in Fig. 2 , results indicated that ABM-before (M = -5.82, SD = 4.17), relative to ABM-after (M = -8.53, SD = 4.92), participants had a significantly smaller (i.e., less negative) ΔERN, F(1, 53) = 4.87, p < .05, ηp 2 = .08. These results suggest that completing the ABM program prior to the flanker task was associated with less error-related brain activity.
Next, we examined whether individual differences in bias scores were associated with the ΔERN.
1 In the analysis of ABM bias scores, two additional participants (1 ABMbefore and 1 ABM-after) were excluded due to insufficient advancement through ABM training needed to calculate bias scores. Average positive and negative attention bias and positive attention bias beta scores were normally distributed. However, negative attention bias beta scores demonstrated a bimodal distribution, and participants were generally split into those who were Bsuccessful^versus Bunsuccessful^in modifying their negative attention bias over the course of the ABM program. Therefore, Pearson's correlations were conducted to examine the relationship between average positive and negative attention bias and change in positive attention bias and the ΔERN. Spearman's ρ correlations were conducted in order to examine relationships between change in negative attention bias and the ΔERN.
Across all participants neither average negative nor positive attention bias was associated with the ΔERN (ps > .77). However, change in negative attention bias (i.e., beta score) was negatively associated with the ΔERN, ρ(53) = -.31, p < .05, such that greater attentional disengagement from negative stimuli over the course of ABM training was associated with smaller error-related brain activity.
2 When examined separately, the association between change in negative attention bias and the ΔERN approached significance in the ABMbefore, ρ(28) = -.29, p < .13, and ABM-after participants, ρ(26) = -.32, p < .11. Change in positive attention bias was not associated with the ΔERN (ps > .15).
Discussion
The present study examined the association between ABM and the ERN. Results indicated that the ERN was smaller among participants who first completed ABM. Furthermore, individual differences in change in negative attention bias were associated with a smaller ERN across all participants. In other words, those individuals who were most able to learn to disengage their attention from negative stimuli were characterized by a smaller (i.e., less negative) ERN. This study provides novel data on two fronts. First, results suggest that the ERN may be modified using ABM-even during a single 1 The negative attention bias beta scores were negatively associated with the initial negative bias (calculated after level 10) at a trend level, r(53) = -.27, p < .06, such that a greater initial negative attention bias was associated with a greater decrease in negative attention bias across training. In contrast, the positive attention bias beta score was not associated with initial positive attention bias, r(53) = -.17, ns. Both negative and positive attention bias beta scores were negatively associated with neutral attention bias beta scores, r(53) = -.41, p < .01, r(53) = -.32, p < .05, respectively. Importantly, none of the initial attention bias scores (neutral, positive, or negative) or change in neutral attention bias were associated with the ΔERN (ps > .25). 2 We also examined change in attention bias using a simple difference score that subtracted average bias during the first half of trials from that during the second half of trials. The positive and negative attention bias difference scores were normally distributed, and Pearson's correlations were conducted to examine their relationship with the ΔERN. For the negative attention bias difference score a more negative value indicated greater disengagement from negative stimuli, and for positive attention bias difference scores a more positive value indicated greater engagement for positive stimuli. Results indicated the negative attention bias difference score was negatively associated with the ΔERN at a trend level, r(53) = -.23, p < .10, but the positive attention bias difference score was not associated with the ΔERN, r(53) = .08, ns. Thus, the attention bias difference scores produced a similar pattern of results, although only at trend level significance, as the beta scores. session. However, future research is needed to determine whether changes in the ERN mediate anxiety-related outcomes in ABM. Second, results also suggest that the ERN is associated with ABM success. Therefore, the ERN may be both a mechanism and predictor of ABM-related changes in attention bias toward threat. ABM trains individuals to automatically disengage attention from threat-relevant information, and fMRI studies have indicated that ABM increases PFC activation during subsequent emotional processing (Browning et al., 2010; Taylor et al., 2013) . It is possible that ABM-related training improves top-down regulation of affective responding to threat, which includes error commission. Indeed, the ERN has been shown to be sensitive to the motivational salience of errors, such that the ERN is enhanced when errors are punished (Riesel, Weinberg, Endrass, Kathmann, & Hajcak, 2012) , performance is evaluated (Hajcak, Moser, Yeung, & Simons, 2005; Kim, Iwaki, Uno, & Fujita, 2005) , or accuracy is emphasized over speed (Falkenstein, Hoormann, Christ, & Hohnsbein, 2000; Gehring, Goss, & Coles, 1993) . Thus, by increasing PFC activation, ABM may down-regulate the neural response to errors, reflected in a smaller ERN.
It is important to consider these findings in the context of several important limitations and alternative interpretations. First, the present study used a between-subjects design and did not include a within-subjects assessment of the ERN (i.e., pretest/posttest design). Therefore, the smaller ERN in the ABM-before group may have been due to their treatment expectations (i.e., believing that completing ABM would make them feel less anxious) and not necessarily change in attention bias. Moreover, groups differed in terms of when the ERN was collected (i.e., early vs. late) during the experimental session. Prolonged task engagement and mental fatigue have both been shown to reduce the ERN (Boksem, Meijman, & Lorist, 2006; Lorist, Boksem, & Ridderinkhof, 2005; Scheffers, Humphrey, Stanny, Kramer, & Coles, 1999) ; although in all these studies the ERN reduction was accompanied by impoverished behavioral performance. In the present study, ABM did not impact behavioral measures on the flankers task (i.e., RT or number of errors), suggesting comparable task engagement. Second, there was no placebo control condition and it is possible that the smaller ERN in the ABM-before participants may have been due to completing a cognitive task in general. Future studies should test the impact of ABM versus a comparable cognitive control condition on the ERN. Third, attention bias scores have been shown to demonstrate poor psychometric properties, including internal consistency and test-retest reliability (Cisler et al., 2009; Schmukle, 2005; Waechter & Stolz, in press; Waechter et al., 2014) , and this may have contributed to the different pattern of results for average attention bias (i.e., no relationship) versus change in negative bias (i.e., a negative correlation) in relation to the ERN. These findings require replication given the many issues associated with the measurement of attention bias and the present study's use of a single-session of ABM. Future studies might also consider using neural measures of attention bias (e.g., N2pc), which have demonstrated better psychometric properties relative to behavioral measures (Kappenman, Farrens, Luck, & Proudfit, 2014; Kappenman, MacNamara, & Proudfit, 2015) . Fourth, the present study was conducted in college undergraduates, and it is unclear if the results will generalize to other populations (e.g., children). Furthermore, our attempt to motivate participants through the advancement of attention bias Blevels^may not have been particularly effective in a nontreatment seeking sample, and it is possible this approach may be more useful in clinical populations (e.g., anxiety disorders). Fifth, the association between change in negative attention bias and the ERN was present in the entire sample and only approached significance when examined separately in the ABM-before and ABM-after participants. However, this was likely due to decreased power after splitting the sample in half. Finally, it is possible that the relationship between the ERN and change in negative attention bias in both groups may simply reflect the same phenomenon: individuals with a larger (i.e., more negative) ERN are not able to change their attention bias toward threat. This would be consistent with previous studies suggesting that slowed threat extinction may be an etiological factor in the development of anxiety (Hermann, Ziegler, Birbaumer, & Flor, 2002; Lissek et al., 2005; Sehlmeyer et al., 2011) .
The present study has important implications for the conceptualization of the ERN as a biomarker. Specifically, the ERN has been proposed to be a trait-like neural indicator of threat sensitivity . Indeed, the ERN has been shown to be stable across two weeks (Olvet & Hajcak, 2009 ) and two years (Weinberg & Hajcak, 2011) , associated with several genotypes (Manoach & Agam, 2013) , and is moderately heritable (Anokhin, Golosheykin, & Heath, 2008) . In addition, the ERN is enhanced among first-degree relatives of individuals with OCD (Carrasco et al., 2013; Riesel et al., 2011) , and prospectively predicts the onset of anxiety disorders (Meyer et al., in press ). These results support the ERN as a trait-like risk factor for anxiety disorders (Olvet & Hajcak, 2008) .
However, the ERN has also been shown to be sensitive to state effects. For example, the ERN is attenuated by alcohol (Ridderinkhof et al., 2002) and psychotropic medication (De Bruijn, Hulstijn, Verkes, Ruigt, & Sabbe, 2004; De Bruijn, Sabbe, Hulstijn, Ruigt, & Verkes, 2006; Zirnheld et al., 2004) and enhanced by amphetamines (De Bruijn et al., 2004) , caffeine (Tieges, Ridderinkhof, Snel, & Kok, 2004) , stimulants (Riba, Rodríguez-Fornells, Morte, Münte, & Barbanoj, 2005) , and contextual threat manipulations (Jackson, Nelson, & Proudfit, 2015; Riesel et al., 2012) . Interestingly, both cognitive-behavioral therapy and mindfulness-based cognitive therapy have not impacted the ERN (Hajcak & Foti, 2008; Schoenberg et al., 2014) , and the present study is one of the first to suggest modulation of the ERN using a behavioral intervention that targets a core mechanism of dysfunction in anxiety disorders. These results are consistent with previous studies indicating that ABM impacts vulnerability to anxiety (Amir et al., 2008; MacLeod et al., 2002) , and highlights the ERN as a potential modifiable biomarker of risk for anxiety disorders.
In conclusion, the present study suggests a close relationship between the ERN and the malleability of negative attention biases-such that improvement in negative attention bias may attenuate the ERN, and that the ERN may be associated with how much negative attention bias changes in response to ABM. Future studies are needed to determine whether ABM reduces ERN in clinical populations, and if there is a dose-dependent relationship between ABM and the ERN. Finally, prospective studies are needed to determine whether ABM-related changes in ERN mediate the impact of ABM on symptom improvement, and whether these changes remain stable over time. Overall, the present study adds to a growing literature indicating that ABM may be able to modify neural measures of attentional processing (Eldar & Bar-Haim, 2010; Suway et al., 2013) .
